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VEHICLE STABILIZER SYSTEM 
Background of the Invention 

5 Field of the Invention 

The present invention relates to a vehicle stabilizing and leveling system, and in 
particular to a stabilizer system used with a towed vehicle such as an agricultural 
harvester. 

Description of the Prior Art 

10 Agricultural equipment that is generally towed behind a tractor faces challenges 

to maintain stability while traveling over uneven terrain. With certain types of 
equipment, maintaining stability is a particular concern due to a higher center of gravity 
and mass of elevated components while the equipment is moving. In particular, 
equipment utilized to access fruit from trees causes stability and leveling problems due to 

1 5 elevated engagement assemblies. Some equipment has a moving mast supporting a 
number of arms that provide relative side-to-side movement at a high center of gravity. 
In addition, the equipment may be pushed or pulled laterally due to engagement with the 
trees as it is towed. In extreme cases, the equipment may be subject to tipping over from 
passing over the uneven terrain and/or movement of the mast and arms to an extended 

20 position. 

One way to overcome the problem is to lower the center of gravity on the towed 
vehicle. This is not always possible by reconfiguring the equipment. Adding mass at a 
lower portion of a harvester may lower the center of gravity, but also increases the weight : 
of the towed vehicle. However, the increased weight makes towing more difficult and 

25 requires additional power for the additional weight being towed. Moreover, vehicle j 

i 

weight may be restricted by allowable ground pressure, thereby preventing the use of 
added mass for some applications. 



Other systems have utilized controls to adjust the relative positions of various 
components on the towed vehicle. Leveling systems include control circuits that move 
certain elements relative to the frame of the towed vehicle. However, electronic controls 
may not provide a sufficiently quick response time to correct for irregularities and to 
5 counteract tipping. In addition, corrections have not been made proportionally to ensure 
the correction is also proportional. Therefore, attempts to utilize electronic controls have 
proven to be unsatisfactory. Improper reaction times with under compensation and 
overcompensation may lead to oscillation in an unintended manner that worsens the 
situation, leading to control problems with the towed vehicle. 

10 It can be seen that a new and improved stabilizing system for a towed vehicle is 

needed. Such a system should provide for simple, reliable correction when the towed 
vehicle is tilted in an unintended manner. Such a system should also utilize the mass of 
the towing vehicle without adding weight to the towed vehicle to offset the elevated 
moving assemblies of the towed vehicle. Such a system should provide for correction 

1 5 while providing sufficient flexure to accommodate the towing vehicle without binding, 
yet taking advantage of the weight of the towing vehicle. Corrections to the stability of 
the system should be made in a manner proportional to the degree of tilting from the 
desired orientation to eliminate unwanted oscillation. The present invention addresses 
these as well as other problems with stabilizing towed vehicles. 

20 Summary of the Invention 

An agricultural harvester includes a stabilizer system to maintain the harvester at 
a level position during operation and to prevent tipping. Leveling is accomplished 
utilizing hydraulic adjustment systems. A harvester generally includes a frame, a hitch 
that couples to a tractor, a rear axle with a pair of wheels and a shaker assembly. The 
25 shaker assembly includes a mast support as well as a mast having horizontal 

reciprocating arms mounted thereon and supporting pairs of whorl arrangements. The 
whorl arrangements include beater rods extending outward in a radial configuration and 
engage citrus tree branches and remove fruit. In operation, the arms reciprocate back and 
forth to impart a shaking motion to the whorl arrangements with the adjacent arms having 
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alternating back and forth motions. 

To provide stability and leveling, the hitch assembly includes a gimbal between 
the tractor and harvester and connecting to a subframe that mounts to the underside of the 
tractor. The gimbal allows for relative pivoting along multiple axes and also includes a 
5 rotary faceplate so that twisting may occur between the towing vehicle and the towed 
vehicle. 

The harvester uses a hydraulic leveling system utilizing a proportional control 
valve. Hydraulic cylinder assemblies are mounted between the harvester frame and the 
hitch assembly as well as being mounted between the frame and the rear axle. Each 

10 assembly includes a cylinder and piston, which is extendible and may be varied by 

controlling flow to either the cylinder end or the piston end. As the relative pressures are 
decreased and increased, the piston and cylinder respond and either retract or extend. By 
extending and retracting the piston and cylinder assemblies, the relative position between 
the hitch and the frame, as well as the relative position between the axle and the frame 

15 changes, thereby changing the position of the harvester frame. Such correction provides 
for leveling the harvester when tilting is detected, such as when it passes over uneven 
terrain. As the proportional flow valve controls the flow to both assemblies, correcting 
motion from the cylinder assemblies is appropriately coordinated. The tractor and the 
rear axle of the harvester counterbalance the leveling forces of the cylinder assemblies of 

20 the stabilizer system. 

The proportional flow valve is preferably a pendulum type valve that allows for 
increased flow to either the cylinder side or piston side of the telescoping assemblies. 
Flow is increased to the piston side and decreased to the cylinder side when the pendulum 
valve is tilted from vertical in a first direction while flow is decreased to the piston side 
25 and increased to the cylinder side when tilting is detected in a second direction from 

vertical. Moreover, the greater the angle of the tilt, the more the valve opens and flow is 
increased to the respective telescoping assemblies. In this manner, proportional changes 
and proportional correction are accomplished in a coordinated manner. The pendulum 
valve provides for instantaneous response when oriented at a tilted position to provide 
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correction for leveling. 

The present invention also utilizes overload control valves to provide for the 
harvester encountering an obstacle and needing correction. Such a situation may occur 
where the entire vehicle is not tilted but one of the tires passes over a rock and it may be 
5 preferable to release pressure from the telescoping assemblies at either the cylinder end 
or the piston end. The addition of vented counter balancing vent valves provides for the 
instantaneous correction without causing the entire assembly to tilt. Such a system 
overcomes systems wherein correction is not proportional and is not sufficiently 
responsive. 

10 These features of novelty and various other advantages that characterize the 

invention are pointed out with particularity in the claims annexed hereto and forming a 
part hereof. However, for a better understanding of the invention, its advantages, and the 
objects obtained by its use, reference should be made to the drawings that form a further 
part hereof, and to the accompanying descriptive matter, in which there is illustrated and 

1 5 described a preferred embodiment of the invention. 

Brief Description of the Drawings 

Referring now to the drawings, wherein like reference numerals and letters 
indicate corresponding structure throughout the several views: 

Figure 1 is a perspective view of a tractor and a harvester with a stabilizer system 
20 according to the principles of the present invention; 

Figure 2 is a perspective view of the stabilizer system; 

Figure 3 is a perspective view of a the stabilizer and support frame for the tractor; 

Figure 4 is a perspective view of the gimbal at the connection from the harvester 
to the tractor support frame; 
25 Figure 5 is a front elevational view of the harvester and stabilizer at a level 

position; 

Figure 6 is a rear elevational view of the harvester and stabilizer at a level 
position 
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Figure 7 is a front perspective view of the harvester and stabilizer correcting the 
tilt toward a first direction; 

Figure 8 is a front elevational view of the harvester and stabilizer shown in Figure 

7; 

5 Figure 9 is a rear elevational view of the harvester and stabilizer shown in Figure 

7; 

Figure 10 is a front perspective view of the harvester and stabilizer correcting the 
tilt toward a second direction; 

Figure 1 1 is a front elevational view of the harvester and stabilizer shown in 
10 Figure 10; 

Figure 12 is a rear elevational view of the harvester and stabilizer shown in Figure 

10; 

Figure 13 is a diagrammatic view of a control valve system for the stabilizer 
system of the present invention wherein the harvester is level and no correction is being 
15 made; 

Figure 14 is a diagrammatic view of the control valve system shown in Figure 13 
correcting tilting toward a first direction; 

Figure 1 5 shows a diagrammatic view of the control valve system shown in 
Figure 13 correcting tilting toward a second direction; and 

20 Figure 16 shows a diagrammatic view of the control valve system shown in 

Figure 13 correcting for striking an object. 
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Detailed Description of the Preferred Embodiment 



Referring now to the drawings, and in particular to Figure 1 , there is shown a 
harvester, generally designated 100 having stabilizing and leveling devices according to 
the principles of the present invention, coupled to a tractor, generally designated 102. 
5 The harvester 100 generally includes a harvester frame 110 supported at the front on a 
hitch assembly 106 mounted to the tractor 102 and supported at the rear on an axle 122 
having wheels 126. The harvester 100 is generally configured for removing fruit from 
citrus trees and includes a shaker assembly 112 having a mast 1 14 on a mast support 128 
extending upward from the harvester 100. The mast 1 14 supports a plurality of 

10 horizontally extending arms 1 16. Each of the arms 116 supports two whorl arrangements 
1 18 having rods extending radially outward. The whorl arrangements 1 18 are quickly 
extended and retracted on the arms 1 16 to engage and disengage the citrus tree, thereby 
shaking the tree and loosening and removing fruit. The whorl arrangements 1 18 are 
freely rotatably mounted on the arms 1 16 so that the trees spin the whorl arrangements 

15 1 18 as the tractor 102 and harvester 100 proceed along the grove. A hydraulic motor 120 
powers the harvester 1 00 to provide an agitating back and forth motion to the whorl 
arrangements 118. The mast 1 14 is also movable on the mast support 128 to move 
inward and outward to optimize the position of the shaker assembly 1 12 relative to the 
fruit trees. Portions of the harvester 100 include an arcing cover 124 so that the fruit is 

20 free to fall to the ground where it may be easily collected without damage from impact 
with sharp or blunt portions of the harvester 100 or damaging or clogging portions of the 
harvester machinery. Flexible paddles 190 are mounted in front of the wheels 126 as 
well as on the tractor 102 to clear the path before the tires so that the fruit is not squashed 
after falling to the ground. The fruit on the ground may then be collected manually or by 

25 mechanized pickup devices. 

It can be appreciated that due to the height of the mast 1 14, support arms 1 16 and 
whorl arrangements 1 18 resulting in a raised center of gravity, as well as the resistance 
provided from engagement with the trees, stability may become a concern with such 
harvesters 100. The harvester 100 includes a hitch assembly 106 that utilizes the weight 
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of the tractor 102 through a subframe 104 to resist tipping and rolling, as shown most 
clearly in Figures 2-4. The hitch assembly 106 includes a gimbal 130 including a 
harvester mounting portion 1 34 on a rotary faceplate and a tractor mounting portion 132. 
A vertical pin 136 and a horizontal universal pin 138 provide relative pivoting about 
5 multiple axes. 

The present invention utilizes a mounting arrangement and telescoping assemblies 
to provide complementary methods of leveling that achieve even greater stability, as 
explained below. 

To provide clarity and consistency between the views, the reference terms "port" 
10 and "starboard" will be used with their usual meanings to describe the tilting and leveling 
of the harvester 10. The port side shall be the left side when viewed from the rear, or 
right side while viewed from the front, while starboard shall be the right side when 
viewed from the rear, or left side when viewed from the front. 

As explained above, the harvester frame 1 10 pivotally mounts to the hitch 
15 assembly 106. In addition, a telescoping assembly 150 having a cylinder 152 and a 

piston 154 mounted to a hitch mounting member 156 and a frame mounting member 158 
respectively, controls the relative position between the frame and the hitch assembly 106, 
as shown in Figures 5-12. Although the hitch assembly 106 allows for relative 
movement between the harvester 100 and the tractor 102, the connection between the 
20 hitch attachment member 1 56 and the frame mounting member 158 through the cylinder 
152 and the piston 154 provides hydraulic resistance through the tractor 102 against 
quick relative rotation and diminishes the likelihood of the harvester 100 tipping. The 
gimbal 130 allows the leveling forces from the telescoping assembly 150 to be 
transferred through the subframe 104 to the tractor 102. The frame 1 10 is also pivotally 
25 mounted on the axle 122. A rear telescoping assembly 160 having a cylinder 162 and a 
piston 164 controls the relative position of the frame 1 10 and the rear axle 122. By 
changing the relative angular position between the axle 122 and the frame 110 while at 
the same time changing the relative angular position of the mounting members 156 and 
158 and therefore the position of the frame 110 relative to the hitch 106, correction can 
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be made for irregularities in the ground and provide leveling. 

The frame roll cylinder 152 having a telescoping piston 154 is intermediate the 
mounting members 1 56 and 1 58. By extending and retracting the piston 1 54 into and out 
of the cylinder 152 through hydraulic pressure, the length of the assembly 150 and the 
5 relative position between the mounting members 156 and 158 may be varied, as 
explained below and shown in Figures 4-12. 

As shown in Figures 6 and 7, a rear telescoping assembly 160 includes a frame 
attachment member 168 and an axle attachment member 166. A rear leveling cylinder 
162 having a telescoping piston 164 mounts intermediate the attachment members 166 
10 and 168. By extending and retracting the piston 164 from the cylinder 162, the length of 
the telescoping assembly 160 and the relative position of the attachment members 166 
and 168 may be varied, thereby varying the relative angular position of the frame 110 and 
the rear axle 122, as explained herein below. 

The telescoping assemblies 150 and 160 are both controlled by a pendulum type 
1 5 valve 180 mounted in a housing on the front of the harvester and shown most clearly in 
Figure 10. An example of such a valve is model number 1000 manufactured by 
Microtork-Rotovalve of Warren, New Jersey. The stabilizer system also includes a 
vented counterbalance valve 182, shown in Figure 4, to hold the system in position. A 
dual vented counterbalance valve 184 provides pressure relief when encountering 
20 obstacles, as explained below. The pendulum valve operates to deliver hydraulic fluid to 
extend the piston and cylinders 152 and 154, and 162 and 164 when tilted in a first 
direction and to retract the piston and cylinders 152 and 154, and 162 and 164 when tilted 
in the opposite direction. The pendulum valve 180 coordinates the retraction and 
extension so that correction is made both at the rear and front simultaneously, providing 
25 almost instant correction that is not possible with other stabilizing systems, which are not 
sufficiently responsive. Moreover, the valve 180 is a proportional flow valve, so that 
correction is made in response to the tilt angle. The greater the tilt angle, the more the 
valve opens and increases the flow and correction. 

As shown in Figures 5 and 6, under normal operating conditions, the telescoping 
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assemblies 150 and 160 are not needed to correct for unwanted tilt of the mast 114. The 
cylinder and pistons 152 and 154, and 162 and 164 are at an intermediate position. The 
pendulum valve 180 is level and flow is not being increased to either the piston or 
cylinder end of the assemblies 150 and 160. The telescoping assemblies 150 and 160 are 
5 each held in position by the vented counterbalance valve 182 maintaining hydraulic 
pressure. 

Referring now to Figures 7-9, the harvester 100 is tilting to starboard and is 
requires correction. The cylinder and piston 152 and 154 are extended to correct the tilt 
by pivoting the frame 1 10 relative to the hitch 106. In a similar manner, the piston 164 is 
10 extended further from the cylinder 162 to push the axle 122 down relative to the frame 
110. The combination of the movement of the assemblies 150 and 160 is to tilt the mast 
1 14 to port, such as shown in Figure 9, correcting for starboard tilt and maintaining the 
frame 1 10 in a level position and the mast 1 14 at a vertical position. 

Referring to Figures 10-12, when correction is needed to the opposite direction, 
15 the telescoping assemblies 150 and 160 are retracted. Retraction of the piston 154 and 
the cylinder 152 pulls the attachment members 156 and 158 closer together and therefore 
pivots the frame 1 10 relative to the hitch 106 in a clockwise direction when viewed in 
Figures 10 and 1 1 and therefore in a counterclockwise direction when viewed from the 
rear in Figure 12. At the same time, the retraction of the cylinder 162 and piston 164 
20 pulls the attachment members 166 and 168 closer together and pivots the frame 110 and 
the axle in a clockwise direction when view in Figures 10 and 1 1, and therefore in a 
counterclockwise direction when viewed from the rear, as in Figure 12. This motion 
tends to push the mast 1 14 and the frame 1 10 to starboard as shown in Figure 12, 
correcting for tilt to port. The combination of the positions of the telescope assemblies 
25 150 and 160 provides stabilization and maintains the harvester 100 at a level position. 

Referring now to Figures 13-16, the control arrangement for the pendulum valve 
180 and the entire valve arrangement is shown. When the harvester is level as shown in 
Figure 13, there is no additional flow through the pendulum valve 180 to the cylinders 
152 and 162 or pistons 154 and 164 and the counterbalance valve 182 locks the 
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assemblies 150 and 160 in position. However, when the harvester 100 is tilted, such as to 
the starboard side and needs correction, the proportional valve 180 allows increased flow 
through to the cylinders 152 and 162 as shown in Figure 14. The hydraulic pressure to 
the pistons 154 and 164 is decreased so that the pistons and cylinders extend to the 
5 position shown in Figures 7-9. This pushes the frame 110 and the mast 114 from a 
starboard tilting position toward port and ultimately maintaining a substantially vertical 
mast position, as shown in Figures 7-9. 

When the pendulum valve 1 80 detects that the harvester 100 is tilting towards the 
port side, the flow to the piston end 154 and 164 of the telescoping assemblies 150 and 
10 160 is proportionally increased and the pressure to the cylinders 152 and 162 is 
decreased. This retracts the pistons 154 and 164 into the cylinders 152 and 162 
respectively. This pressure change has the effect of pushing the mast 1 14 and the frame 
110 towards the starboard side and bringing the harvester 100 back to a level position, as 
shown in Figures 10-12. 

15 In Figure 16, the system is shown after abruptly encountering an obstacle and 

allowing for correction. The counterbalance valve 184 includes a dual vented 
counterbalance valve arrangement that provides pressure relief. The valve arrangement 
provides overload relief, such as when a port side rear wheel 126 encounters an obstacle 
and is abruptly pushed upward or when a port side rear wheel of the tractor 102 

20 encounters an obstacle and is abruptly pushed upward. The starboard side tends to be 
pushed downward and therefore, the piston 164 is pushed to extend from the cylinder 
162, but may not tilt the pendulum valve 180 to correct the tilt. Under such a condition, 
both the front and rear assemblies 150 and 160 are retracting. This provides a twist to the 
harvester 100 as the forward portion and the tractor 102 are substantially level. The mast 

25 114, intermediate the assemblies 150 and 160, is therefore substantially maintained 
toward a vertical position. The valve 1 84 provides pressure relief for the surge in 
hydraulic pressure. In a similar manner, the relief valves 182 and 184 provide for 
overload relief when the starboard rear wheel 126 or starboard rear wheel of the tractor 
102 strikes an object and a pressure surge occurs in the opposite direction. 
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It can be seen that the combination of the hitch 106 as well as the leveling 
assemblies 150 and 160 with the weight of the tractor 100 being utilized through the 
subframe 104, the present invention provides an effective system and for stabilizing and 
leveling the harvester 100. The present invention provides effective proportional 
responsiveness that is not possible with any prior systems. 

It is to be understood, however, that even though numerous characteristics and 
advantages of the present invention have been set forth in the foregoing description, 
together with details of the structure and function of the invention, the disclosure is 
illustrative only, and changes may be made in detail, especially in matters of shape, size 
and arrangement of parts within the principles of the invention to the full extent indicated 
by the broad general meaning of the terms in which the appended claims are expressed. 
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